, Investigation of magnetopause reconnection models using two colocated, low-altitude satellites: A unifying reconnection geometry,J. Geophys. latitude. The electron data exhibit similar features at around the same region but with no or little energy dispersion, consistent with their high velocities. We suggest that the two energy dispersions can be explained by two separate injections resulting from two bursts of magnetopause reconnection. Data from the second satellite (F8), which moved through the same region I rain later, reveal the same energy-dispersed structures, only further poleward and with less overall flux. This temporal evolution is consistent with two recently reconnected flux tubes releasing their plasma as they move antisunward away from dayside merging sites. However, an observed overlap between the two ion energy dispersions suggests a more complex reconnection geometry than usual models can accommodate. We propose a generalized reconnection scenario that unifies the Bursty Single X-Line and the Multiple X-Line Reconnection models. A simple time-of-flight particle precipitation model is constructed to reproduce the ion dispersions and their overlap. The modeling results suggest that for time-dependent reconnection the dispersion overlap is observed clearly at low altitudes only for a short period compared with the evolution timescale of the ion precipitation.
Introduction
The notion of magnetic reconnection was first applied to the dayside magnetopause by Dungey [1961] [1991] argued that even though the MXR model depicts reconnection at multiple x-lines, the reconnection rates at these x-lines do not have to be the same. In the case of a much higher reconnection rate at the equatorward line compared with that at the poleward one, a thick layer of singly reconnected field lines will surround the magnetic island formed in the MXR process. This picture is similar to the one predicted by the BSXR geometry. The same authors provide a mechanism for a transistion from multiple to single x-line reconnection by means of locally enhanced resistivity which triggers a higher reconnection rate at the equatorward neutral line.
In this work we present particle precipitation data from two low-altitude, co-located Defense Meteorological Satellite Program (DMSP) satellites as they passed through low-altitude reconnection signatures. We argue that a full interpretation of the data requires a combination of both the MXR and the BSXR models. We show that the two factors mentioned above, the field topology and the extent of the neutral lines, play an important role in understanding the low-altitude particle signatures of dayside magnetopause reconnection. Section 2 gives an overview of the data and any additional information used. Section 3 describes the reconnection picture, while section 4 presents the results of a simple time-of-flight precipitation model used to reproduce the data ion dispersions. Finally, section 5 discusses the conclusions of our work.
Data Description
The two DMSP satellites used in this study, F6 and F8, are in Sun-synchronous, circular polar orbits and are virtually co-orbital in the dawn-dusk plane; their cross-track separations rarely exceed 50 km at auroral latitudes. They both fly at altitudes between 800 and 900 km. A slight difference in their semimajor axes yields a fractional difference in their orbital periods; they differ by less than 40 s out of -•101 minute periods. This leads to a racetrack effect in which the faster satellite (F6) "laps" the slower satellite (F8) regularly. The resonant interaction time is -•11 days. Near closest approach their in-track separation gradually reduces to a minimum of -•10 km, thereby offering for the first time simultaneous sampling of the low-altitude space particle environment at two nearly co-located positions. The utility of these data sets has already been demonstrated for case studies of auroral particle precip- The auroral crossing we study here occurred during a Southern Hemisphere polar pass, around 1040 UT, on January 10, 1990. The spacecraft moved from high to low latitude, in the dawnside of the polar ionosphere, and F6 was leading F8 with a time lag of -•60 s. The orbit tracks of the satellites in magnetic coordinates are shown in Plate 1. They are so close that their individual tracks merge. The color band to the left of the orbits indicates the time lag between the two spacecraft at every point along the orbit, translated in seconds using the color scale at the bottom right. The colors on the orbits themselves refer to the signatures of the different magnetospheric regions encountered (cusp, low-latitude boundary layer (LLBL), plasma sheet, and "other"), which are described to the right of the plot. These regions were determined from the observed particle fluxes, using a modified version of the original Newell-Meng criteria for region identification [Newell and Meng, 1988] , in which priority is given to the cusp/LLBL identification instead of the plasma sheet one. In the above reported models of field-aligned, overlapping ion energy features, the overlap begins at the same point in space for both energy components, indicating either a single injection with missing intermediate energies [Lockwood, 1995a] or successive injections on the same geomagnetic field line [Fuselief et al., 1997]. Our ion dispersions differ from the above in that they have well-separated onsets in latitude, both at similar energies, but the poleward low-energy edge of the equatorward dispersion overlaps with the high-energy onset of the poleward one, excluding a pure BSXR generating mechanism at the same time. This suggests two distinct injection events on originally different magnetospheric field lines which subsequently become topologically connected to each other, mapping down to the same region on the high-latitude ionosphere.
Additional evidence for the two-injection theory comes from the electron spectra of Plate 2b. They also show two separate injections at almost the same positions as the ions, with the same separation and similar poleward motion. The electron data also reject the possibility of contamination of the ion detector by heavier ions, which if present could be responsible for the second ion dispersion, as suggested by Burch et al. [1982] .
In the case of a single injection which splits into two in the ion spectra due to different ion species, one injection should have been observed in the electron spectra, which is not true here. All the studies previously conducted on the subject of overlapping dispersions, including the currently proposed one, are summarized in Table 1 . Before we offer We propose a new overlap-producing mechanism based on the concept of pulsed reconnection at the magnetopause, but one that does not strictly adhere to the BSXR model. Instead, both the BSXR and the MXR models are involved in this mechanism, with different temporal and spatial scales, together with different contributing reconnection rates. The idea of two coexisting reconnection processes is old. Many authors [Cowley, 
Dispersion Model
In this section we demonstrate the ability of the above unifying reconnection model to produce the observed overlap of the ion energy dispersions and its temporal evolution, using a simple time-of-flight precipitation model. The key element in our calculation is the fact that unlike the previous time-dependent reconnection 
Time-of-Flight Precipitation Model
We present here the results of a simple precipitation model that reproduces the observed ion energy dispersions. We discuss the model only qualitatively, with a more quantitative description to be presented elsewhere. In contrast to previous precipitation models, In their review of low-altitude cusp particle signatures, LS94 concluded that once a field line is opened, there will be a continuous entry of magnetosheath particles into the magnetosphere, all along the magnetopause as this line convects antisunward by the solar wind flow. In this work we use a simpler but conceptually similar approach, proposed initially by Smith and Lockwood [1990] We should point out that their assumption of a confined, finite plasma blob is highly idealized. Nevertheless, even though the magnetosheath provides a constant source of particles, the hot, dense particles that only exist near the subsolar region can be modeled as a finite volume source. Furthermore, the simplicity of the model based on this picture facilitates demonstration of the BMXR mechanism, so we adopt this framework. Another interesting result of the model is the low values of R (8-9 -RE) for both dispersions. These were determined by a visual match of the low-energy ion cutoff from the data and the model. They were later confirmed by a more rigorous treatment to be presented in a future publication. They indicate an initiation of particle precipitation, or alternatively reconnection itself, at high latitudes near the southern cusp, rather than at low (i.e., subsolar) latitudes. This conclusion is sup- 
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Temporal Evolution
As mentioned in section 4.3, the sharp equatorward edge of the energy dispersions and its uniform motion implies that we observe the ion dispersions after the entire PB crossed the LB or, alternatively, after the cessation of reconnection at the magnetopause. However, using our time-dependent model, we can explore any stage of their evolution.
We discover three distinct phases of the energy dispersions: the "growth" phase, when the dispersion is still forming and is difficult to be identified; the "maturity" phase, when the entire dispersion is present (at least down to the particle energies with significant flux); and the "decline" phase, when the dispersion is disappearing at the low-latitude end due to the finite size of the plasma blob or, equivalently, to the finite duration of reconnection at the magnetopause. These three phases correspond roughly to three time intervals: t << rE,max , "growth rE,max • t < tbt , "maturity"
where t is the time since the start of precipitation, tbt is the time it takes the entire blob to cross the LB, and tE,max is the time necessary for the lowest-energy particles with detectable fluxes to reach the spacecraft, in this case around 200 eV. We can see from these inequalities that for the energy dispersion to be clearly and entirely visible we need tbt •> rE,max. This, in turn, means that the plasma blob has to be big enough in size and/or relatively nearby. These time requirements are consistent with a high-latitude reconnection site. They also require a sufficiently long duration for the reconnection burst.
The full temporal evolution of the two energy dispersions is shown in Plate 4. Snapshots of the latitudinal profile are shown, representing what a satellite would observe at successive times; the second and third to last frames represent the instances when F8 and F6, respectively, encountered the evolving structures. The three dispersion phases mentioned above are seen clearly in this presentation. Both dispersions are referred to a common time frame, noted above each frame, corresponding to the lifetime of the oldest one (dispersion 2 in Plate 2a).
Conclusions
In this paper we proposed a generalized model for reconnection at the dayside magnetopause. It unifies two already well-known processes, the BSXR and MXR models, in a heretofore unique way. MXR operates globally, semicontinuously, and at a low level, while the BSXR is patchy, intermittent, and in the form of enhanced bursts, occurring on top of the MXR background. For convenience we refer to this process as the Bursty Multiple X-Line Reconnection (BMXR) mechanism. Overlapping ion features observed at low altitudes can naturally arise in the context of this new reconnection regime. With correct timing of the BSXR patches, any desired degree of overlap can be easily produced.
Despite its general flexibility, however, we do not claim that the BMXR process is always the dominant magnetopause reconnection mechanism. Other mechanisms, like its isolated component processes, BSXR and MXR, or even steady state reconnection, may at times dominate the flux transfer process. Occasionally, the longitudinal extent of the BMXR process may be limited too, owing to only part of the frontside magnetopause satisfying the required conditions. If the underlying MXR breaks down at a specific longitude, i.e., the secondary x-lines disappear, the plasma blobs forming beyond this point will map down to a significantly dislocated ionospheric position. In fact, several BMXR segments can simultaneously occur at different parts of the magnetopause, separated by simple BSXR or steady state reconnection processes. Our data are unable to address this distinctive possibility, since those disconnected field line footprints will likely fall well outside the satellite paths. Only a cluster of "low-altitude" spacecraft could resolve such ambiguities. We also developed a particle precipitation model based on a number of simple principles. The independent modeling of the two ion dispersions, a direct consequence of the proposed BMXR process, can easily generate their observed overlap. This demonstrates the feasibility of the BMXR model in this instance and may point to a more general applicability. We argue that the clearest low-altitude particle signature of the BMXR process (and inherently that of the background MXR) is the presence of overlapping ion dispersions.
However, we also stress that the interval of easily discerned overlap is a small portion of the entire evolutionary sequence, which complicates the picture. The lack of observed overlap is not necessarily an indicator that BMXR is not operating. It could rather be that the observations were obtained either early or late in the cycle, when overlap is absent or ambiguous.
In summary, the BMXR model is a promising mechanism for dayside magnetopause reconnection. It suggests that all previously proposed reconnection models can be described as different manifestations of a single unifying scheme. Which one dominates at any time is dependent on the magnetopause conditions and the IMF input. Finally, we highlight that the two-point measurements were essential to our analysis and pave the way to future multipoint missions to explore the low-altitude, high-latitude space environment.
